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One cannot discover new lands  
without losing sight of the 
shore for a very long time.  
 
André Gide 
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Where is electron transfer headed? 
19th C.   Empiricism (Davy) 
20th C.   Thermodynamics (Nernst) 
21st C.    Quantum theory (Gurney) 
Davy Nernst Gurney 
© National Portrait Gallery, 
London  
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Electron Transfer has Special  
Applications in Biology 
In the 21st century new areas are opening up… 
 
Genomics  g  Proteomics   g   Electronomics 
 
There is a strong current interest in terraformation of 
planets, the virosphere, oxidative stress, neuronal 
electrochemistry, bionics, and consciousness. 
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(1) The Pauli Exclusion Principle 
(2) The Franck-Condon Principle 
(3) The Conservation of Energy 
(4) Microscopic Reversibility 
The Axioms 
Remark. The Central Limit Theorem also applies to 
fluctuations of electrostatic potential in the surrounding 
medium. 
In electron transfer theory, four principles are generally 
considered to be axiomatic. These are  
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Electron Transfer  
is dominated by Electrostatics 
Equally true at the quantum level and the macro level. 
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Energy of an ion in solution is minimized by favourable 
electrostatic interactions with its ionic atmosphere. 
Electrostatics in Solution 
Erich Hückel Peter Debye 
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The composition of the ionic atmosphere fluctuates wildly  
due to Brownian Motion. 
The Basic Picture 
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This theory originated in 2007. It was published as: 
 
“A Non-Marcus Model for Electrostatic Fluctuations in 
Long Range Electron Transfer.” 
 
S. Fletcher, Journal of Solid State Electrochemistry, 
11(7), pp 965-969 (2007) 
The Theory of “Charge Fluctuations”  
in Electron Transfer 
Note.  The alternative Marcus Theory assumes that electron 
transfer is triggered by “solvent fluctuations” rather than by 
“charge fluctuations” in the surrounding solution. 
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“Supermolecule” Concept 
We can treat the ionic core and its surrounding atmosphere as a 
neutral “supermolecule” whose overall charge fluctuates  
positively and negatively around zero. 
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Energy of Charge Fluctuations 
On a Sphere 
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Max Born 
Note.  Born Energy is a parabolic function of charge. 
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Energy of Charge Fluctuations 
The overall charge is zero on time-average  
(Principle of Electroneutrality). 
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Polarity of Charge Fluctuations 
Note.  The concept of polarity is missing in Marcus Theory.  
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Intersecting Parabolas 
Conservation of energy restricts electron transfer to the 
intersection point. (General idea due to Randles). 
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Marcus, Nobel Lecture, 1992 
• In Marcus theory, no ionic atmosphere.  
• (This violates Debye-Hückel theory!) 
“For a bimolecular reaction, work terms, principally electrostatic,  
are involved in bringing the reactants together…” 
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Fletcher Model – A Simple Example 
• In this example, the charge fluctuations 
are provided by chloride ions. 
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Comparison of Results 
In Marcus theory, ionic core is “naked”. 
In Fletcher theory, ionic core is “screened”. 
    (The radii have different meanings, too!) 
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Marcus Theory 
(i) Symmetric response.  (ii) No catalysis by Water. 
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Fletcher Theory -New Physics Emerge 
(i) Asymmetric response. (ii) A superverted region.  
(iii) Catalysis by polar solvents (e.g. water) in inverted region. 
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GA Salmon and A-A Kadhum. Faraday Disc. 74, 191-192 (1982) 
Pulse radiolysis technique. Reaction of solvated electrons with various species in THF at RT.  
Data plotted versus negative of electron affinity. The solvent dielectric constant was 7.58. 
1982 
5 May 2011 
MEG @ Warwick 2011 S. Fletcher 
J. R. Miller, L. T. Calcaterra and G. L. Closs, J. Am. Chem. Soc., 106, 3047-3049 (1984).  
Pulse radiolysis technique. Intra-molecular electron transfer from a biphenyl donor group to eight 
different acceptor groups, in 2-methyl tetrahydrofuran at 296K. The solvent dielectric constant 
was 6.97. 
1984 
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Low Ionic  
Strength 
High Ionic  
Strength 
Evidence for the Supermolecule Approach. 
Tunnelling Switch-off at Low Ionic Strength 
This is actually observed… 
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Tunnelling Switches off at Low Ionic Strength 
H. Bruhn, S. Nigam and J. F. Holzwarth, Faraday Discuss. Chem. Soc.,  74, 129-140 (1982). 
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Conclusions 
A new theory of electron transfer has been developed, 
based on activation by charge fluctuations in the ionic 
atmosphere.   
 
The new theory predicts an asymmetric rate law, catalysis 
by polar solvents (e.g. water) in the inverted region, and a 
rate of electron transfer strongly dependent on ionic 
strength.  
 
All of these are observed experimentally. 
